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5 PANEL ELEMENT 

Field of the invention and prior art 

This invention is related to a panel element of a compound 
10 structure comprising at least one layer containing a polymeric 
material and at least one further layer. The panel element in 
question is intended to be able to form high quality surface 
structures in a variety of different connections. As an example it 
may be mentioned that the panel element may serve to form 
15 ceiling and wall surfaces, in particular for interior decoration of 
vehicles. 

Numerous different types of panel elements are well known per 
se. However, the known panel elements have turned out to have 

20 problems in fulfilling the very different requirements which are 
often imposed on such elements. Among such requirements it 
may for instance be mentioned low weight and good stability, 
also when the panel element has a small thickness, stability 
against influence of moisture, a good resistance to flames and 

25 fire, a good sound insulation and a good heat insulation. 

Summary of the invention 

The object of the invention is to provide a panel element having 
30 such a structure that the various requirements stated herein- 

t 

above, which as a rule are imposed upon such a panel element, 
are fulfilled at least in essential regards. 

In order to fulfil this object, it is, according to the invention, pro- 
35 posed that the panel element is given the features more specif!- 
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cally defined In the appendent patent claims, and then in par- 
ticular in the characterizing part of claim 1. 

The foam composite material defined in combination with the 
5 relatively rigid surface layer form a compound structure having 
extremely advantageous properties. The foam composite mate- 
rial provides the panel element with insulation capacity with re- 
gard to both heat and sound and also a high strength, which is 
further accentuated by the relatively rigid surface layer as a 
10 consequence of the compound structure resulting in a sandwich 
construction. Resistance to flames and fire is achieved by the 
composition of the foam composite material itself but also as a 
consequence of the relatively rigid surface layer, in particular 
when the same consists of metal. 

15 

Advantageous developments are defined in the dependent 
claims. It is particularly emphasized that it has been surpris- 
ingly found. In accordance with claim 8, to substantially in- 
crease the sound damping ability of the panel element In case 
20 the same is caused to comprise a layer of cork. It is then pre- 
ferred, according to claim 9, that the cork layer is located 
between two foam composite material layers. 

By designing the panel element according to claim 14 a solution 
25 is obtained, where, with two adjacent panel elements, the third 
surface layer portion of one of the elements protrudes behind 
the adjacent element so that In this way the relative position 
between the elements is maintained and furthermore, it is 
achieved that a butt joint present between the elements will be 
30 cut off transversely by the third surface layer portion at the rear 
side, a fact which entirely eliminates the risk for aesthetically 
disturbing impressions arising as a consequence of Illumination 
through the butt joint. 
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Further f atur s and advantages of the inv ntion appear from 
the rest of the dependent claims and the enclosed detailed de- 
scription. 

5 Short description of the drawings 

With reference to the enclosed drawings, a more specific de- 
scription of embodiment examples of the invention follows 
hereinafter. 

10 

In the drawings: 

Fig 1 is a section through a first embodiment of a panel element 
according to the invention; 

15 

Fig 2 is a view of the element according to Fig 1 viewed In the 
same direction as the view in Fig 1 but without sectioning; 

Fig 3 is a section along the line Ill-Ill showing an embodiment 
20 where the panel element is provided with coupling profiles 

along two edges; 

Fig 4 is a section similar to Fig 1 through a panel element ac- 
cording to an alternative embodiment; 

25 

Fig 5 is a section similar to Fig 4 through a further alternative; 

Fig 6 is a section view illustrating two panel elements according 
to Fig 5 adjoining to each other edge-to-edge; and 

30 

Fig 7 and 8 are perspective views of the panel element also 
shown in Figs 5 and 6. 
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4 

I 
! 

Detailed description of preferred embodiments 

The panel element illustrated in Fig 1 is of a compound struc- 
ture comprising at least one layer 1, 2 containing a polymeric 

5 material. As will be described more closely hereinafter, two 
such layers 1, 2 are shown in the example. Besides, the panel 
element comprises at least one further layer 3, 4. This further 
layer is formed by a relatively rigid surface layer. This surface 
layer is present on at least a part of the external surface of the 

0 panel element. In the example according to Fig 1, it is illus- 
trated that the panel element comprises, on two opposite flat 
sides, said surface layers 3, 4. 

The polymeric material layers 1 , 2 are formed by a foam com- 
5 posite material, the more specific nature of which will be dis- 
cussed in the following. The surface layers 3, 4. or one of them, 
could be formed by a plastics material of a relatively rigid na- 
ture, in particular glass fibre reinforced plastic. However, it is 
preferred that at least one of the surface layers 3, 4 is formed 

20 by a metal layer. Particularly preferred is aluminium or an alloy 
thereof. In case of surface layers 3, 4 of aluminium plate or 
other metal it is suitable that the thickness of the surface layer 
is in the interval of 0.3-1.5 mm. Particularly preferred is 0.5-1.0 
mm. In a practical test, excellent results have been achieved 

25 with an aluminium plate presenting a thickness of 0.7 mm. The 
combined thickness of the foam composite material layers 1 , 2 
In the panel element is suitably within the range 2-75 mm, 
preferably 3-40 mm. A particularly preferred thickness interval 
is ? 30 mm. In practice, good results have been achieved In 

30 tests with foam composite material thicknesses lying in the In- 
terval of 4-20 mm. 

The density of the foam composite material is suitably chosen 
within the range 50-400 kg/m^. A particularly preferred range as 
35 far as density is concerned is 100-300 kg/m3. 
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It has turned out that It is possible to substantially improve the 
insulation capability of the panel element primarily as far as 
sound is concerned but also with respect to heat by providing 
5 the panel element with a layer 5 of cork. This cork material 
layer has suitably a thickness within the range 0.5-7 mm, suit- 
ably 1-5 mm and preferably about 3 mm. 

The cork layer may in practice adopt 5-30% of the total thick- 
10 ness of the panel element.; 

The density of the cork in the cork layer is 80-600 kg/m^. suit- 
ably 150-500 kg/m3 and preferably 200-400 kg/m^. 

15 This cork layer 5 is suitably located between the two foam com- 
posite material layers 1. 2 and is bonded to them, suitably by 
the cork layer 5 and the foam composite material layers 1, 2 
having been subjected to laminate pressing in a suitable hot 
press so that the composite layers 1 , 2 and the cork layer have 

20 been bonded together. In this pressing course, the surface lay- 
ers 3, 4 may for the rest also participate in case it would not be 
preferred to apply the surface layers on the foam composite 
material layers 1. 2 afterwards by glueirig. / 

25 It is preferred that the surface layer substantially entirely en- 
closes the foam composite material layers 1, 2, and then also 
the cork layer 5 in case it occurs. For this purpose the panel 
element comprises the previously described surface layers 3, 4 
on its flat sides and, in addition, the panel element may com- 

30 prise, along two edges, edge metal layer portions 6. 7, which 
are indicated, in Fig 1, as consisting of separate edge pieces 
glued onto the edges of the panel element, suitably such that 
these edge pieces 6, 7 become located between the surface 
layers 3, 4. 

35 
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It appears from the view in Fig 2 that it is possible to arrange, 
at two edges being at an angle to the edges of the panel ele- 
ment comprising the edge pieces 6. 7, further edge pieces 8, 9 
so that the foam composite material layers 1, 2 and the cork 
5 layer 5, in case it occurs, become substantially hermetically 
enclosed so as to achieve tightness against Intrusion of mois- 
ture. 

It is illustrated in Fig 3 that the element according to Fig 1 at 
10 two edges could present, instead of the edge pieces 8, 9 just 
mentioned, particular coupling profiles 10, 11 intended to 
couple the paner element to arbitrary carrying rails or similar so 
that the panel element will extend between the same. The 
coupling profiles 10, 11 are intended to adjoin in a moisture 
15 tight manner to the surface layers 3, 4 so that moisture intrusion 
discussed hereinabove Is avoided. As can be seen in Fig 3, the 
coupling profiles 10, 11 comprise portions 12, 13, which for the 
purpose of anchorage protrude in between the surface layers 3, 
4 and into the foam composite material layers 1, 2 present 
20 therebetween. 

It is illustrated in Fig 4 that the panel element instead of having 
separate edge pieces 6, 7 as in Fig 1 has its edge metal layer 
portions formed by bent edge regions 14, 15 of the surface 
25 layer 3. It is then preferred that the surface layer 4 present on 
the opposite flat side is located between those portions 14, 15 
of the surface layer 3 which along the edges protrude upwardly. 

Fig 5 illustrates an embodiment of the panel element compris- 
30 Ing a relatively rigid surface layer 3, which on one of the flat 
sides of the element has a first surface layer portion 16 In- 
tended to form the front side of the element. The surface layer 3 
has a second portion 17 extending along an edge surface of the 
panel element, for example by the portion 17 being bent relativ 
35 to the portion 16. The surface layer 3 comprises, furthermor , a 
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third portion 18 extending substantially parallel to the first por- 
tion 16 and being arranged to protrude, wh n two panel ele- 
ments adjoin to each other edge-to-edge (Fig 6), behind the 
adjacent panel element. It also appears from Fig 5 that the 
5 surface layer 3 along an opposite edge surface has a fourth 
portion 19. , 

It is preferred that the first, second and third surface layer por- 
tions 16, 17, 18 are formed in one single bent material piece. 
10 Furthermore, it is preferred that also the portion 19 is Included 
in said single material piece. 

As appears from Fig 6, an insert 20 is arranged between the " 
portion 1 8 and the adjacent surface of the surface layer 4 of the / 

15 adjacent panel element, said Insert having the task to avoid 
relative movement between the adjacent panel elements giving 
rise to disturbing noise, a fact which in particular may occur in 
case the surface layers on the adjacent panel elements consist 
of metal, in particular aluminium plate. The insert 20 consists, 

20 suitably, of a sliding promoting material. This material may 
comprise an adhesive so as to obtain the character of tape, 
which may be applied eithbr on the portion 18 or on the surface 
layer 4. The latter variant would normally be preferred. The slid- 
ing promoting material may for instance consist of a felt maXe^ 

25 rial. 

It is pointed out that the panel element according to the inven- 
tion could be delivered to a customer with one of the surface 
layers 3, 4 left out. It could then be the question of such a case 

30 of application where the panel element in question would not 
have to comprise any relatively rigid surface layer, for instance 
an aluminium plate, on its rear side; instead the panel element 
would be left entirely exposed on said rear side. Another alter- 
nativ is that the customer is given the possibility to provide as 

35 he sees fit a desired surface layer on the panel element after- 
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wards, either on the side Intended to be the front side or on the 
back side. 

A description with regard to the nature and possible modes of 
5 production with respect to the foam composite material In- 
tended for the layers denoted 1 and 2 will follow hereinafter: 
The foam composite material comprises in a preferred embodi- 
ment a web shaped material, which on production of the foam 
composite material is impregnated with a curable resin and 

10 provided with thermoplastic particles distributed in the web 
shaped material. A semi-manufacture of the foam composite 
material is suitably prepared in a first operation and then, in a 
second operation, this semi-manufacture is combined in a suit- 
able number of layers with further material layers, for instance 

15 the above described cork layer 5 and/or the surface layers 3. 4 
for the purpose of providing the final compound structure or 
laminate in a pressing procedure. 

According to a variant of the production technique according to 
20 the invention, the thermoplastic particles may, in said semi- 
manufacture, be present in expanded state, and the resin is in 
B-stage. In this connection it is pointed out that a curable resin, 
which is in A-stage. is meltable, cross-linked to a small degree 
and soluble in acetone and other solvents. A resin in C-stage is 
25 unmeltable, entirely cross-linked and insoluble. The B-stage 
denotes a stage between the A- and C-stages. In said case of 
semi-manufacture, the same has the character of a foamed 
composite having a rigid structure. According to another pro- 
duction possibility, the composite material may, in its character 
30 of semi-manufacture, have the thermoplastic particles substan- 
tially unexpanded whereas the curable resin is in A- or B-stage. 
Such a semi-manufacture has a lower freight volume and is 
flexible, whereby it may be handled, for instance in coil form, 
without being broken. 
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Hereunder a more clos description of production modes will 
follow: 

A pre-condensate of a waterbased curable resin is produced in 
5 a conventional manner and the water contents is regulated so 
that a dry content of 30-75 percent by weight is obtained. The 
solution obtained in this way is provided with unexpanded ther- 
moplastic particles, so called microspheres, in such an amount 
that the weight proportion microspheres: resin in the pressed 
10 composite material varies between 4:1 and 1:50. It is preferable 
to allow the microspheres to be included in such an amount that 
they in an expanded state form 50-95, preferably 75-95, percent 
by volume of the web shaped material and the resin mixture. 
The web shaped material is impregnated with the mixture of 
15 resin and microspheres in a conventional manner, e.g. by mov- 
ing the web down into a bath of the mixture or by spraying the 
mixture on to the web. The degree of impregnation of the im- 
pregnated web may be regulated e.g. by pressing with rolls. 

20 The curable resins, which preferably come in question, are 
formed by so called formaldehyde-based resins with carbamide, 
phenol, resorcinol or melamine. However, curable resins may 
also be used more generally, such as polycondensated resins, 
e.g. polyimide and polyadded resins, e.g. poly urethane. 

25 

The web shaped material may be formed by a woven or 
non-woven, organic or inorganic material, amongst which glass 
fibre, mineral fibre, cellulose fibre and polyester fibre may be 
mentioned in particular. It is also important that the web shaped 

30 material has a sufficient porosity to be able to be impregnated 
with the mixture of resin and microspheres in a satisfactory 
manner. In order to obtain good conditions for drying and han- 
dling of the web shaped material, considered as an individual 
layer, it has suitably a thickness varying between 0.1 and 5 mm 

35 when the microspheres are unexpanded. On the actual laminate 
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production In the hot press, a plurality of such individual com- 
posite material layers may. however, be combined mutually and 
with possible further layers. 

5 The microspheres used on production of the composite material 
according to the invention have shells which may be formed by 
copolymers of vinyl chloride and vinylidene chloride, copoly- 
mers of vinyl chloride and acrylonitrile. copolymers of vinylid- 
ene chloride and acrylonitrile j and copolymers of styrene and 
10 acrylonitrile. 

Furthermore, copolymers of methyl methacrylate should be 
mentioned, which contain up to about 20 percent by weight 
styrene, copolymers of methyl methacrylate and up to about 50 

15 percent by weight of combined monomers of ethyl methacrylate, 
copolymers of methyl methacrylate and up to about 70 percent 
by weight of orto chlorostyrene. The particle size of the unex- 
pended spheres and, accordingly, of the expanded spheres may 
vary within wide limits and is chosen with guidance of the prop- 

20 erties, which are desired of the final product. As an example on 
particle sizes for unexpanded spheres one may mention 1 pm to 
1 mm, preferably 2 pm to 0.5 mm and in particular 5 pm to 50 
pm. The diameter of the microspheres increases on expansion 
with a factor 2-5. The unexpanded spheres contain volatile 

25 liquid expanding agents, which are evaporated on the applica- 
tion of heat. These expanding agents may be formed by freons, 
hydrocarbons, such as n-pentane, i-pentane, neopentane. bu- 
tane, i-butane and other expanding agents, which convention- 
ally are used in microspheres of the nature here defined. The 

30 expanding agent may suitably form 5-30 percent by weight of 
the microsphere. The microspheres may be added to the resin 
solution as dried particles or in a suspension, e.g. in water or 
an alcohol, such as methanol. 
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The proportion resin to nnicrospheres in the impregnation solu- 
tion may, as has previously been pointed out, vary within wide 
limits and this proportion affects the properties of the final 
product. Conversely, one can, accordingly, choose a suitable 
5 proportion resins to microspheres in the mixture starting from a 
certain field of use and certain desired properties of the final 
product. This proportion may easily be determined by prepara- 
tory experiments in laboratory scale. 

10 The mixture of resins and microspheres may, if so desired or 
required, be provided with various additives, such as stabilis- 
ers, coupling agents, fillers, fire retarding additives and/or pig- 
ments. 

15 Thus, the thermoplastic particles occur in the composite mate- 
rial, considered in its capacity as a semi-manufacture, in unex- 
panded or expanded form and the curable resin occurs in A- or 
possibly B-stage. 

20 In order to produce the panel element according to the invention 
the composite material is then placed, in its capacity as a semi- 
manufacture, in the required number of layers together with 
further occurring layers, for Instance the cork layer 5 and the 
surface layers 3, 4, in a hot press and the combination is there 

25 subjected to heat and pressure so that final curing of the cur- 
able resin occurs and possibly remaining expansion of the 
thermoplastic particles takes place. The composite material is 
then also bonded together with the other occurring material 
layers. 

30 

It is pointed out that the fibrous material contained in the foam 
composite material according to the invention does not neces- 
sarily have to be provided in the form of a web shaped material 
in the manner described above. Thus, the fibrous material may 
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be provided with the curable resin and the thermoplastic parti- 
cles without having to be present in the form of a web. 

i 

According to a preferred embodiment of the panel element ac- 
5 cording to the invention it comprises at least two foam com- 
posite material layers 1. 2 having different density. One of the 
layers could then have a density within the range 100-170 
kg/m3 whereas the other material layer could have a density in 
the range 170-250 kg/m^. These two layers are. according to a 

10 possible embodiment, bonded directly to each other. The use of 
different density in the two foam composite materials have 
turned out to give a good sound damping. According to another 
embodiment the layers with different density could have, 
between each other, a layer of cork in the manner which has 

15 already been described above. A practical embodiment, which 
has turned out to present good strength and sound damping 
properties, have the following composition counted from the 
front side towards the rear side: aluminium plate with a thick- 
ness of 0.7 mm. 6 mm of a foam composite material having a 

20 density of 120 kg per cubic meter, a cork layer having a thick- 
ness of 3 mm, a foam composite material layer having a thick- 
ness of 4 mm and a density of 210 kg/m3 and finally an alu- 
minium plate layer of 0.7 mm or alternatively a layer consisting 
of glass fibre reinforced plastic having a thickness of 3 mm 

25 

In case two or more foam composite material layers 1, 2 occur, 
it may be suitable, from the point of view of sound damping] 
that they have not only different density but also different thick- 
ness. 

30 

In use of aluminium plate for the surface layers, it is preferred 
that the aluminium plate is provided with possible surface re- 
finem nt of a nature known per se and finally lacquered before 
pressing/application on the foam composite material. In this 
35 connection it is pointed out that the embodiments according to 
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Figs 4-7 are preferable since the bending of the aluminium 
plate around the edges of the panel element means that no cuts 
in the aluminium plate will be visible to the viewers; a fact 
which could occur in the case according to Fig 1 . 

5 

It is evident that the panel element according to the invention is 
not only limited to the embodiments exemplified above. Thus, 
numerous modifications may be made within the framework of 
the ordinary skill of the man acting within this art and in the light 
10 of the application documents in their entirety without leaving the 
scope of the invention. For instance, it is pointed out there 
could be, between the surface layers 3, 4 of the panel element, 
one single foam composite material layer having one and the 
same density. 

15 

'.1 



\ 

i 
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Claims 

1 . A panel element of a compound structure comprising at least 
one layer (1. 2) containing a polymeric material and at least one 

5 further layer (3, 4), characterized in that the further layer (3, 4) 
is constituted by a relatively rigid surface layer provided on at 
least a part of the surface of the panel, and that the polymeric 
material layer (1. 2) is formed by a foam composite material 
comprising a cured resin, a fibrous material and a thermoplast. 
10 which is in the form of expanded particles. 

2. A panel element according to claim 1, characterized in that 
the surface layer (3. 4) is formed, at least in part, of plastic, in 
particular glass fibre reinforced plastic. 

15 

3. A panel element according to claim 1 or 2. characterized in 
that the surface layer (3. 4) is formed, at least in part, of a 
metal layer. 

20 4. A panel element according to claim 3, characterized in that 
the metal is aluminium or an alloy thereof. 

5. A panel element according to any preceding claim, charac- 
terized in that the density of the foam composite material is 50- 

25 400 kg/m3. 

6. A panel element according to any preceding claim, charac- 
terized in that the fibrous material is formed by glass fibre. 

30 7. A panel element according to any preceding claim, charac- 
terized in that the cured resin is a formaldehyde-based resin 
with carbamide, phenol, resorcinol or melamine. 

8. A panel element according to any pr ceding claim, charac- 
35 teriz d in that it comprises a layer (5) of cork. 
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9. A panel element according to clam 8. characterized in that 
the cork layer (5) is located between two foam composite ma- 
terial layers (1, 2). 

5 

10. A panel element according to any preceding claim, charac- 
terized in that the surface layer (3, 4) substantially entirely en- 
closes said at least one foam composite material layer (1. 2). 

10 11. A panel element according to any preceding claim, charac- 
terized In that it comprises at least two foam composite mate- 
rial layers (1, 2) having different density. 

12. A panel element according to claim 11, characterized in 
15 that one of the foam composite material layers has a density in 

the range 100-170 kg/m^, whereas the other foam composite 
material layer has a density in the range 170-250 kg/m3. 

i 

13. A panel element according to any preceding claim, charac- 
20 terized in that it on two opposite flat sides comprises relatively 

rigid surface layers (3, 4), at least one of which Is formed by a 
metal layer, and that the panel element along at least two sub- 
stantially parallel edges comprises edge metal layer portions 
(6, 7; 14, 15) formed by either separate edge pieces (6, 7) or 
25 bent edge regions (14, 15) of the metal layer (3) provided on 
one of the flat sides. 

14. A panel element according to any preceding claim, charac- 
terized in that it comprises a relatively rigid surface layer (3), 

30 which on at least one of the flat sides of the element has a rela- 
tively rigid first surface layer portion (16) intended to form the 
front side of the element, that the surface layer (3) has a 
second portion (17) extending along an edge surface of the 
panel element, that the surface layer comprises a third portion 

35 (18) extending substantially parallel to the first portion (16) and 
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being arranged to protrude, when two panel elements adjoin to 
each other edge-to-edge, behind the adjacent element. 

15. A panel element according to claim 14. characterized In 
5 that the first, second and third surface layer portions (16, 17, 

18) are In one single material piece. 

16. A panel element according to any preceding claim, charac- 
terized in that it is formed by a prefabricated ceiling or wall 

10 surface forming element, in particular for Interior fitting of ve- 
hicles. 
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